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 Dentes naturais, bem como restaurações estão sujeitos à degradação inta-oral. Nas 
resinas compostas, além das interferências químicas, térmicas e mecânicas, a composição e a 
estrutura pós-cura são mecanismos considerados responsáveis pela durabilidade do 
procedimento restaurador. Neste estudo, avaliou-se o efeito da formulação do material, 
métodos de fotoativação (MF) e condições de armazenamento (CA) na resistência à 
degradação química e/ou mecânica de resinas-compostas. Os objetivos, métodos e resultados 
deste trabalho, composto por dois artigos científicos foram: CAPÍTULO 1: avaliar como o MF 
e a CA afetam a degradação química (DQ) de duas resinas-compostas de nanopartículas, um 
ormocer de 1a e um de 2a geração. Discos de 4 mm de diâmetro e 2 mm de altura foram 
confeccionados e fotoativados com os métodos convencional (C) ou soft-start (S). Testaram-
se quatro CA (n=5): grupo 1: imediato; grupo 2: seco e escuro; grupo 3: etanol e grupo 4: 
água destilada. A dureza Knoop (KHN) foi mensurada imediatamente após a cura e 24 horas 
após armazenagem. Aplicaram-se os testes estatísticos two-way ANOVA e Tukey (p=0.05) 
comparando os valores de KHN entre as CA e entre os MF. O MF não interferiu na DQ de 
nenhum material testado. Entretanto, diferenças foram observadas entre as CA, e 
independente do material, o etanol produziu a maior DQ. O ormocer de 2a geração foi o 
único material que não degradou após imersão em água. Concluiu-se que: o MF não 
influenciou na resistência à DQ; o etanol causou maior DQ e o ormocer de 2a geração foi o 
material mais estável em água após 24 h de armazenamento. CAPÍTULO 2: investigar o efeito 
do tamanho de partículas de carga na rugosidade superficial (RS), retenção de brilho (RB) e 
estabilidade de cor (C) antes e após abrasão utilizando a escovação mecânica (EM). 
Avaliaram-se quatro resinas-compostas experimentais e uma comercial com partículas 
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variando de 100 a 1000 nm. Para cada material, seis discos medindo 10 mm de diâmetro e 2 
mm de altura foram confeccionados. Após acabamento e polimento, as amostras foram 
submetidas a 20.000 ciclos de EM. Os parâmetros RS, RB e C foram mensurados antes e 
após escovação. Aplicaram-se os testes estatísticos de ANOVA e Bonferroni (p=0.05) e o 
teste de correlação de Pearson para determinar a relação entre tamanho das partículas e os 
parâmetros avaliados; e a relação entre RS e RB. A EM resultou em superfícies mais rugosas 
e menos brilhantes para todos materiais testados. Após a EM houve correlação significativa 
entre o tamanho das partículas e os parâmetros de rugosidade Ra (r = 0.95/ p = 0.013) e Rt (r 
= 0.93 / p = 0.022).  Não houve correlação significativa entre o tamanho das partículas e 
ΔE*. Houve correlação negativa significante entre brilho e rugosidade (r = - 0.97 / p = 
0.001). Concluiu-se que a abrasão causou modificações na rugosidade, relacionadas ao 
tamanho das partículas, e no brilho dos materiais testados. A C não foi alterada pelo tamanho 
das partículas de carga e nem por modificações na textura superficial.   
 
 
Palavras-chave: Resinas-compostas, rugosidade de superfície, estabilidade de cor, brilho, 
partículas de carga, nano-compósitos, escovação mecânica, ormocer, degradação química. 
                     















 Natural teeth, as well as restorations, are composed of materials that are subject to 
deterioration. Besides chemical, mechanical and thermo degradation, the formulation and 
post-cure composite’s network are dominant mechanism to determine the restoration’s 
longevity. The purpose of this study was to investigate the effect of material’s formulation, 
light-activation mode (LM) and storage condition (SC) on resin-composite’s resistance to 
chemical and/or mechanical degradation. The aims, methods and results of this study, 
composed of two chapters were: CHAPTER 1: to evaluate how the LM and the SC would 
affect the chemical degradation, through the softening test, of two nanohybrids; a 1st and a 
2nd generation ormocer. Disk specimens (4 mm x 2 mm) were prepared from each material 
and light-activated by full-cure (F) and soft-start (S) modes. Four storage conditions were 
evaluated (n=5): group 1: immediately after cure, group 2: dry and dark, group 3: absolute 
ethanol and group 4: distilled water. Knoop hardness values (KHN) were measured 
immediately after cure and after immersion in the different SC for 24 hours. Two-way 
ANOVA with Tukey’s post-hoc test (p = 0.05) was used to compare KHN among each SC 
and between the two LM. The LM presented no significant effect on the softening test, in all 
groups. However, significant differences were observed among the SC. Absolute ethanol 
produced the higher softening effect in all materials tested. The 2nd generation ormocer was 
the more stable material when stored in water. LM did not affect the final KHN. CHAPTER 
2: to investigate the effect of filler-particle size of resin-composites, undergoing toothbrush 
abrasion (TA), on three surface properties: surface roughness (SR), surface gloss (G) and 
color stability (CS). Four models and one commercial resin-composite and with varying 
filler-size from 100 to 1000 nm were examined. Six discs (10 mm x 2 mm) from each 
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product were mechanically polished. The samples were then submitted to 20,000 brushing 
strokes in a TA machine. SR parameters (Ra, Rt and RSm), G and CS (CIE-L*a*b*) were 
measured before and after TA. Changes in SR and G were analyzed by 2-way ANOVA, with 
Bonferroni post-hoc test. CS values were submitted to one-way ANOVA and Bonferroni 
post-hoc test (p=0.05). There was no statistically significant difference in CS. TA resulted in 
rougher and matte surfaces for all materials tested. Although the individual differences in SR 
among filler sizes were not always significant, the correlation showed a trend that larger 
filler sizes result in higher surface roughness after abrasion for Ra and Rt parameters (r = 
0.95; r = 0.93, respectively). RSm showed an increase after TA for all resin-composites; 
however no significant correlation was detected.  Initial G values ranged between 73 and 83 
gloss units (GU) and were reduced after TA to a range of 8.5 to 64 GU. TA revealed 
significant modifications in surface roughness and gloss amongst the materials tested, that 
related to filler sizes. There was a significant correlation between gloss and roughness (Ra) 
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A estabilidade intra-oral das propriedades físicas e mecânicas das resinas 
compostas fotopolimerizáveis é fator importante para o sucesso a longo prazo do 
procedimento restaurador. Interferências químicas, térmicas e mecânicas, atuando em 
diversas combinações, exercem papel fundamental no processo de degradação intra-oral a 
qual os materiais restauradores são submetidos. 
 Parte da redução das propriedades mecânicas dos materiais é atribuída ao 
processo de degradação química (Asmussem, 1984; Gonçalves et al., 2007; Schneider et 
al., 2008). Este processo pode ser causado  por desafios ácidos e enzimas salivares, e 
ocorre por meio da difusão de moléculas através da estrutura polimérica (Asmussen, 
1984; Wu & McKinney, 1982). Consequentemente, fatores que interferem na difusão dos 
solventes, como por exemplo, a composição da matriz, o grau de conversão e a densidade 
de ligações cruzadas apresentam grande importância na resistência do material à 
degradação química (Asmussen & Peutzfeldt, 2001; Yap et al., 2005; Aguiar et al., 2005; 
Ferracane, 2006; Gonçalves et al., 2007).   
Sugere-se que o grau de conversão e a densidade de ligações cruzadas estão 
diretamente relacionados ao tipo de fotoativação que os materiais são submetidos 
(Asmussen & Peutzfeldt, 2003). Pesquisas demonstram que, dependendo do modo de 
fotoativação empregado, polímeros com grau de conversão similar podem apresentar 
diferença na linearidade das cadeias poliméricas formadas (Asmussen & Peutzfeldt, 2001 
e 2003). Além disso, especula-se que a redução na quantidade de ligações cruzadas 
diminui as propriedades mecânicas e a resistência à degradação química (Ferracane, 




Métodos de fotoativação com emissão de alta irradiância inicial (convencional) 
resultariam em polímeros com maior densidade de ligações cruzadas. Por outro lado, 
métodos que emitem uma irradiância mais baixa na fase inicial (soft-start) poderiam 
produzir polímeros com cadeias mais lineares e com menor quantidade de ligações 
cruzadas (Aguiar et al., 2005; Gonçalves et al., 2007).  
A densidade de ligações cruzadas pode ser avaliada indiretamente através do teste 
de “amolecimento” (Asmussen & Peutzfeldt, 2001 e 2003; Witzel et al., 2003; Yap et al., 
2004). Este teste é baseado em repetidas mensurações de dureza antes e após a imersão 
das amostras em solventes. Em geral, polímeros com maior quantidade de ligações 
cruzadas são mais resistentes à difusão do solvente enquanto em polímeros lineares o 
solvente se difunde mais facilmente através da estrutura causando maior amolecimento 
do material (Asmussen & Peutzfeldt, 2001; Ferracane, 2006). Além do modo de 
fotoativação, foi observado que a concentração do solvente também influenciaria os 
resultados do teste de amolecimento (Schneider et al., 2008). Sendo assim, a formulação 
do material também seria uma característica importante na susceptibilidade aos efeitos de 
soluções simuladoras da dieta. 
 Além do “amolecimento”, o desgaste da estrutura dentária e/ou da superfície das 
restaurações é outro resultante do processo de degradação na cavidade bucal. Variáveis 
individuais como força e frequência mastigatória, contatos oclusais e tipo de alimentação; 
além de variáveis relacionadas à formulação e características finais do material 
restaurador influenciam a taxa de desgaste (Mair et al., 1996). O desgaste é consequência 
da interação entre superfícies que se movem em contato e caracteriza-se pela remoção 




etiologia envolve fenômenos complexos como abrasão, degradação química e fadiga. 
Estes fatores podem atuar de forma isolada ou combinada, provocando modificações 
funcionais, biológicas e estéticas nas restaurações (Mair et al., 1996; Turssi et al., 2003). 
 O desgaste abrasivo ocorre quando superfícies ásperas e de maior dureza entram 
em contato com superfícies que apresentam menores valores de dureza. A abrasão 
envolve a presença de um terceiro corpo, o abrasivo, o qual age entre estas superfícies 
antagonistas (Mair et al., 1996; Condon & Ferracane, 1996). Na cavidade oral, resulta do 
contato do alimento entre as superfícies oclusais e/ou da escovação mecânica com a 
utilização de dentifrícios. A escovação tem sido referida como uma causa importante da 
abrasão dental (Heintze & Forjanic, 2005).  
 A abrasão por meio da escovação mecânica modifica a textura superficial dos 
materias restauradores, produzindo superfícies menos brilhosas, mais rugosas e 
susceptíveis a alterações de cor. (Heintze & Forjanic, 2005; Lee et al., 2005; Lee et al., 
2002; Tanoue et al., 2000; Cho et al., 2002). A rugosidade superficial, a retenção de 
brilho e a estabilidade de cor estão entre as mais importantes características da textura 
superficial que influenciam a aparência das resinas compostas e, consequentemente, o seu 
desempenho e longevidade clínica (Cavalcante & Pimenta, 2005; Silikas et al., 2005; 
Kakaboura et al., 2007; Lee et al., 2002; Lee et al., 2005).  
 A redução no tamanho das partículas de carga das resinas compostas pode 
melhorar a lisura superficial (Turssi et al., 2005) e, consequentemente, a retenção de 
brilho. Acredita-se que a incorporação de materiais com partículas de tamanhos 
nanométricos possa oferecer excelente resistência mecânica ao desgaste e máxima 




polimento (Mitra et al., 2003; Joniot et al., 2006). De fato, estudos prévios indicam que 
resinas compostas nanoparticuladas apresentam melhor textura superficial (Turssi et al., 
2005; Mitra et al., 2003; Joniot et al., 2006). Sendo assim, o tamanho das partículas de 
carga poderia ser um importante parâmetro e determinaria as características de superfície 
e as propriedades ópticas das restaurações. 
 Recentes modificações realizadas pelos fabricantes na composição das fases 
orgânica e inorgânica visam melhorar as diversas propriedades das resinas compostas 
(Manhart et al., 2000; Turssi et al., 2005). Especula-se que materiais desenvolvidos 
contendo partículas de tamanho nanométrico e/ ou modificações na matriz orgânica 
(Ormocers - cerâmicas organicamente modificadas), possam oferecer melhor 
desempenho clínico através de maior estabilidade intra-oral (Tagtekin et al., 2004; Janda 
et al., 2007). Porém, não há dados suficientes na literatura que comprovem a resistência 
destes materiais à degradação química e mecânica. 
Desta forma, a presente tese (composta de dois capítulos) avaliou a resistência à 
degradação química e mecânica de materiais experimentais contendo modificações na 
matriz orgânica e variações no tamanho das partículas de carga. Os objetivos foram: 
CAPÍTULO 1) avaliar como o modo de fotoativação e a condição de armazenamento 
afetam a degradação química de materiais resinosos contendo variações na matriz 
orgânica; CAPÍTULO 2) avaliar o efeito do tamanho das partículas de carga nas 





CAPÍTULO 1  
EFFECT OF LIGHT-ACTIVATION MODE AND STORAGE CONDITION ON CHEMICAL 
DEGRADATION OF RESIN-COMPOSITES 
Short title: Chemical degradation of resin-composites 
Abstract 
 Objective: The aim of this study was to investigate whether the storage condition 
and the light activation mode would influence the outcomes obtained through softening 
tests. Methods: Two nanohybrids, a 1st generation ormocer and a 2nd generation new 
experimental ormocer were used in this study. Disk specimens (4 mm x 2 mm) were 
prepared from each material and light-activated by full-cure (F) and soft-start (S) modes 
with an LED-curing unit. Four storage conditions were evaluated (n = 5): group 1: 
immediately after cure; group 2: dry and dark, group 3: absolute ethanol and group 4: 
distilled water. Knoop hardness values (KHN) for all groups were measured immediately 
after cure and after immersion in different storage conditions for 24 hours. Two-way 
ANOVA with Tukey’s post-hoc test (p = 0.05) was used to compare KHN among storage 
conditions and between light-curing modes. Results: Initial KHN ranged from 30.2 to 
70.8. The light-curing mode had no significant effect on the softening test, in all groups. 
Significant differences were observed in softening among the storage media. Absolute 
ethanol produced the greatest softening effect, (KHN values varied from 15.0 to 56.0) 
regardless of the material tested. The 2nd generation experimental ormocer was the only 
material that did not show a degradation effect after water storage, KHN varied from 30.1 
to 66.8. Conclusions: Absolute ethanol produced the higher softening effect in all 




compared with the 1st generation ormocer and the nanohybrids. Light-curing mode did 
not affect the final KHN.   
 
Introduction 
 The performance of the light-cured resin-composite depends upon the quality and 
amount of light irradiation required to adequately initiate the cure of monomers [1]. It is 
known that the degree of monomer conversion (DC) is an important parameter to 
determine the resultant mechanical properties [2]. It has been suggested that the 
application of short pulses of energy or pre-polymerisation at low-intensity light followed 
by a final cure at high intensity could minimise the polymerisation shrinkage without 
affecting DC [3, 4].  
 However, it has been hypothesised that polymers with similar DC may display 
distinct crosslink density (CLD) due to differences in the ensuing chains’ linearity [5, 6]. 
In this way, high intensity levels in the initial phase of the irradiation period would 
initiate a great amount of growth centres, resulting in polymers with higher CLD. On the 
other hand, a slow start of polymerisation would produce few centres of polymer growth, 
resulting in a more linear polymer structure with relatively few CLD [5, 6]. 
Consequently, the reduction of cross linking density could decrease the mechanical 
properties, solvent resistance and glass transition temperature [7].  
 The CLD of a polymer network can be indirectly assessed by using softening tests 
[5, 6, 8-11]. The softening test is based on repeated hardness measurements before and 
after the immersion of the samples in organic solvents. It is generally accepted that highly 




linear polymers present more space and pathways for solvent molecules to diffuse within 
their structure [12]. This could result in increased softening, which can be assessed by a 
hardness test [5]. 
Studies investigating the influence of light-activation modes on the CLD of 
polymeric networks revealed different experimental results [11, 13-17]. Recently, 
Schneider et al. [15] suggested that not only the light-activation mode but also the solvent 
concentration could affect the softening results. Thus, we hypothesized that the 
compositional characteristic of the resin-composites could also be an influent factor on 
the material’s susceptibility to the chemical effects of the food simulating solvents. By 
reducing the filler-particle size and/or changing the organic matrix formulation, 
improvements in the material’s final properties can be reached [18-20]. Recently 
developed, nanohybrid composites and Ormocers (organically modified ceramics) are 
believed to offer excellent clinical performance through high wear resistance, reduced 
polymerization shrinkage and long-lasting polymer-matrix stability [18, 21]. However, 
there is not enough data demonstrating the resistance of chemical degradation of these 
materials when associated with different light-activation modes. 
 Therefore, the aims of the present study were to evaluate how the storage media 
and the light-activation mode would affect the chemical degradation of nanohybrid and 
ormocer materials through the softening test. The null hypotheses tested were that (i) 







Materials and Methods 
 Two nanohybrid and two ormocer based material were used in this study: Grandio 
(Voco, Cuxhaven, Germany) and Premise (Kerr-Sybron, Karlsruhe, Germany); 1st 
generation ormocer Admira (Voco) and 2nd generation new experimental ORMOCER 
(Voco). The materials formulations are shown in Table 1. All specimens were made from 
shade A3. 
The light-emitting-diode LED unit Elipar Freelight 2 (3M/ESPE Dental Products, 
St Paul, MN, USA) was used for the light-activation procedures. The resin-composite 
was packed into cylindrical brass moulds (2 mm height x 4 mm inner diameter). After 
inserted, the material was covered with a Mylar strip in order to provide a flat surface. 
The specimens were light activated according to the following modes: 
1. Full-cure: 40 s of exposure at 1000 mW/cm2 with the light guide positioned 
directly onto the Mylar strip (40 J/cm2); 
2. Soft-start: 10 s of initial activation at 0 up to 1000 mw/cm2 followed by a final 
activation of 30 s at 1000 mw/cm2 with the light guide positioned directly onto the Mylar 
strip (35.5 J/cm2). 
The light irradiance was measured in the beginning of the experiment with a 
radiometer (Radiometer, Demetron Research Corporation, Danbury, CT, USA).  Fifteen 
specimens of each material were made for each light-activation mode. The specimens 
were then randomly divided into four groups of five and immersed as follows: group 1: 
immediately after cure; group 2: dry and dark; group 3: distilled water at 37oC; group 4: 




The Knoop hardness test was performed immediately and after 24 hours storage. 
Knoop hardness was measured for the irradiated surface with an indenter (Future Tech 
FM- 700, Tokyo, Japan) under a load of 25 g for 20 s. Measurements were performed at 
five locations, and the average value was recorded as the Knoop Hardness Number for 
each specimen in every immersion interval. 
The 2-way ANOVA with Tukey’s post-hoc test (p=0.05) was used to compare 
Knoop hardness among light-curing units and storage conditions. The statistical analyses 
were performed separately for each material.  
 
Results 
Tables 2 to 5 show the mean values for Knoop hardness for all groups and both 
light-activation modes. According to two-way ANOVA the light-activation mode had no 
significant effect on softening test (p > 0.05) regardless of the material tested. 
 Statistically significant differences were observed in softening among the storage 
conditions. The KHN values measured immediately after cure (group 1) ranged from 30.6 
for Admira to 70.8 for Grandio. The immediately KHN values were reduced in group 3 
(30.1 to 66.8) and in group 4 (15.0 to 56.0). Absolute ethanol produced the greatest 
softening effect in all groups.  
The two types of materials tested (nanohybrid and ormocer) presented a different 
performance according to the storage condition tested. 
 The nanohybrids Grandio and Premise exposed the same trend in hardness values 




difference was detected between immediately and group 2. However, a significant 
decrease was observed after immersion in water (group 3) and ethanol (group 4).  
 For the 1st generation ormocer Admira no statistically significant difference in 
hardness values was observed between immediately and water storage values. A 
significant increase was detected in dry and dark storage and a significant decrease in 
ethanol storage compared with immediately and water storage values (dry > immediately 
= water > ethanol). 
The 2nd generation ormocer tested (experimental ORMOCER) when water and 
dry stored gets harder than the immediately values. Although, when stored in ethanol it 
gets softer (Dry = Water > Initial > Ethanol). 
 
Discussion 
The CLD is an important structural parameter to determine the extent to which the 
material will be affected by the chemical degradation. Polymer networks less densely 
cross linked are more prone to solvent uptake and as a result degradation of the 
matrix/filler interface, ultimately reducing the material’s mechanical properties [22, 23]. 
The hardness assessment before and after the immersion in different media was 
conducted to estimate CLD of the resin-composite activated by different light-activation 
modes [5]. According to the results, both light-activation modes produced similar 
immediately and after storage Knoop hardness values, regardless of the material tested. 
Thus, the different light-activation modes did not affect the chemical degradation and the 




This might suggest that for the light-curing unit tested a similar CLD was 
obtained for full-cure and soft-start light-activation modes, as a result no difference 
regard to the chemical degradation’s susceptibility was displayed. These outcomes concur 
with recent studies that the light-curing mode did not influence the mechanical properties 
and the extent of polymerization that occurred after storage [10, 14, 24]. On the other 
hand, studies have shown that different CLD can be produced according to the light-
activation modes used [5, 6]. Factors such as difference in the light-curing unit and the 
light-activation mode tested could contribute for the variety of results found in the 
literature. In the present study, the soft-start mode was performed from: 0 up to 1000 
mW/cm2 for 10 s + 1000 mW/cm2 for 30s; using an LED unit. The first start of this 
polymerization process might be enough to produce the majority of the DC, thus there 
was no time for a differentiation in the polymers chains formation (CLD) compared to the 
full-cure mode (1000 mW/cm2 for 40 s). Besides, at around 470 nm, the emitted light of 
the LED-curing unit used falls conveniently within the absorption spectrum of 
camphorquinone (CQ) being more efficient than halogen lights for the cure of resin-
composite materials. Thus, this might contribute to the explanation that the combination 
of the LED with the soft-start light-activation mode used in the present study did not 
produce differences in the softening test.    
 In addition to the structural parameters, which include the CLD and the porosity 
of the network, several factors related to the chemistry of the polymer network are 
important in determining the extent to which the material will be affected by the aqueous 
environment [12]. Important chemical characteristics include the hydrophilicity of the 




the type of chemical bond within the polymer backbone and the storage media [12, 15, 
25]. Although no differences in hardness values were detected related to the structural 
parameters, the resistance against degradation varied according to the chemical 
characteristics such as storage condition and materials’ composition. Thus, the second 
hypothesis was rejected. 
  In general, the immersion in ethanol and water induced a softening of the 
polymers tested. The effect of the solvents in the polymers network is varied. Basically, 
the forces of attraction between the polymer chains are exceeded by the forces of 
attraction between solvent molecules and components of the chains [12]. Therefore, the 
solvent penetrates the resin matrix and expands the openings among chains. The 
solubility parameter of the solvent is the most important consideration and determines the 
extension of the solvent uptake [26, 27]. The solvent effect being greatest when there is a 
minimal solubility parameter mismatch between the solvent and the polymer itself [26, 
27]. Absolute ethanol produced higher swelling than water regardless of the material 
tested. This solution has been considered to be among the best solvents for dental 
composites network [15, 26] as its solubility parameter matches that of the dimethacrylate 
resin used in composites [28]. 
 However, for distilled water a different performance of the materials was 
observed. The 2nd generation ormocer was the only material that did not show a 
degradation effect after water storage for 24 hours. The technology used in the ormocer 
(acronym for organically modified ceramics) is different from that of conventional resin-




based on a purely organic polymer matrix, the ormocer consists of an inorganic-organic 
network matrix [29].  
 The possibility combining properties of organic and inorganic networks in a 
unique material is an old challenge and might be an alternative to improve the material’s 
resistance to the chemical degradation process. Multifunctional urethane- and 
thioether(meth)acrylate alkoxysilanes as sol–gel precursors have been developed for 
synthesis of inorganic–organic copolymer ormocer composites as the dental restorative 
materials [30]. The alkoxysilyl groups of the silane allow the formation of an inorganic 
Si–O–Si network by hydrolysis and polycondensation reactions, and the (meth)acrylate 
groups are available for photochemically induced organic polymerization [30, 31]. 
According to the manufacturers’ specifications (Voco), the main difference between the 
1st (Admira) and 2nd (Experimental ORMOCER) generation of ormocers is a significant 
reduction in methacrylate monomers resulting in a material with reduced water uptake, 
solubility and volumetric shrinkage [32]. Thus, since water diffuses internally through the 
resin matrix, filler interfaces, pores and other defects, and then slowly dissolves the filler 
particles [33], it might be understand that polymers absorb water to different degrees 
depending on their molecular and microstructural aspects [34]. For this reason, it might 
be speculated that the modifications made in the 2nd generation ormocer formulation were 
significant important to produce a material more stable in water than the 1st generation 








• Light-curing mode did not affect the chemical degradation through the 
softening test regardless of the material tested; 
•  Absolute ethanol demonstrated a significant softening effect in all materials 
tested; 
• The 2nd generation experimental ormocer was the only material not affected 
by the water degradation.   
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Table 1: Materials tested 
 
Material Category Resin matrix Fillers Manufacturer 
Premise Nanohybrid Bis-EMA, TEGDMA 



































































Table 2: KHN values for the nanohybrid resin-composite Premise according to the 
different storage media tested. Standard deviations in parentheses. Different letters 










Full-cure 37.8 (2.2) Aa 39.4 (1.4) Aa 34.6 (1.6) Ba 24.9 (1.4) Ca 










Table 3: KHN values for the nanohybrid resin-composite Grandio according to the 
different storage media tested. Standard deviations in parentheses. Different letters 










Full-cure 70.8 (3.9) Aa 75.3 (7.0) Aa 66.8 (4.9) Ba 56.1 (4.2) Ca 






Table 4: KHN values for the 1st generation ormocer Admira according to the different 
storage media tested. Standard deviations in parentheses. Different letters indicate 










Full-cure 31.4 (3.7) Ba 35.2 (1.6) Aa 30.2 (1.7) Ba 15.0 (1.5) Ca 











Table 5: KHN values for the 2nd generation experimental ormocer according to the 
different storage media tested. Standard deviations in parentheses. Different letters 











Full-cure 41.9 (1.2) Ba 48.0 (1.8) Aa 48.4 (2.0) Aa 35.9 (1.2) Ca 






CAPÍTULO 2  
EFFECT OF NANOFILLERS’ SIZE ON SURFACE PROPERTIES AFTER TOOTHBRUSH 
ABRASION 
Short Title: Filler size and surface properties 
ABSTRACT 
 Purpose: To investigate the effect of filler-particle size of model and commercial 
resin-composites, undergoing toothbrush abrasion, on three surface properties: surface 
roughness (SR), surface gloss (G) and color stability (CS). Methods: Four model 
(Ivoclar/Vivadent, Liechtenstein) and one commercial resin-composite (Tokuyama, 
Osaka, Japan) with varying filler-size from 100 to 1000 nm were examined. Six discs (10 
mm x 2 mm) from each product were prepared and mechanically polished. The samples 
were then submitted to 20,000 brushing strokes in a toothbrush abrasion machine. SR 
parameters (Ra, Rt and RSm) (Taylor Hobson profilometer), G (NovoCurve glossmeter) 
and CS (Minolta color meter) were measured before and after toothbrush abrasion. 
Changes in SR and G were analyzed by 2-way ANOVA, with Bonferroni post-hoc test. 
CS values were submitted to one-way ANOVA and Bonferroni post-hoc test (α=0.05). 
Results:  Initial G values ranged between 73 and 87 gloss units (GU) and were reduced 
after toothbrush abrasion to a range of 8 to 64 GU. Toothbrush abrasion resulted in 
significant modifications in surface roughness and gloss amongst the materials tested, 
attributed to filler sizes. There was statistically significant difference in color (ΔE* 
ranged from 0.38 to 0.88). Filler size did not affect color stability. Toothbrush abrasion 
resulted in rougher and matte surfaces for all materials tested. Although the individual 




correlation showed a trend that larger filler sizes resulted in higher surface roughness 
after abrasion for the SR parameters Ra and Rt (r = 0.95; r = 0.93 respectively). RSm 
showed an increase after toothbrush abrasion for all resin-composites, however no 
significant correlation was detected (r = 0.21).There was a significant correlation between 
gloss and Ra ratios (r = - 0.97).  
 
CLINICAL SIGNIFICANCE 
 A simulation of degradation process by using toothbrushing abrasion produced a 
rougher and matte surface in all resin-composites tested. The surface was rougher and 
less glossy for the larger filler composites. On the other hand, color stability remained 
unaffected. Due to surface changes from abrasion, resin-composites with smaller filler 
size should be preferred in anterior restorations for enhanced long-term performance. 
 
INTRODUCTION 
 The aesthetic success of a restoration is directly related to its optical appearance. 
Surface roughness, surface gloss and color are among the most important factors that 
govern the perceived visual effect of resin-composite restorations.1,2
  Surface texture can also influence the long term clinical service of resin-
composite restorations.3,4 Smooth surfaces provide enhanced aesthetics and low plaque 
accumulation ensuring restoration longevity. It has been shown that surface texture can 





 Resin-composites consist of filler-particles dispersed in a polymer matrix. 
Optimally, the loading force applied to a composite restoration should be completely 
transferred from the matrix to the filler particles. The size, shape and hardness of the 
fillers, the bonding quality between fillers and polymer matrix and the degree of 
polymerization influence the wear characteristics of the resin-composite.6,7 Wear arises 
from degradation processes in the oral environment and can affect the material’s surface 
texture. Thus, it still is a major clinical concern.6,8  
 Three-body wear is known as abrasive wear and occurs intra-orally e.g. from 
tooth brushing with dentifrice.8 Toothbrush abrasive wear has been shown to modify the 
surface texture of restorative materials, by creating rougher surfaces, resulting in inferior 
aesthetic, functional and biological properties.8-10 Increased roughness has been 
correlated with increased accumulation of dental plaque11 and may also be related to 
differences in surface properties like gloss retention and color stability.3,4,8,10  
 In-vivo studies on the surface roughness for dental plaque accumulation showed 
that a mean roughness (Ra) above the 0.2 µm threshold was related to a substantial 
increase in bacteria retention.11 Thus, measurements of resin-composite surface 
roughness can be indicative of the restoration’s long-term clinical performance.  
 Surface texture of dental restorations controls the degree of reflection and 
scattering of light.13 The ability of the surface to reflect light governs gloss. In general, 
high surface gloss is usually associated with smooth surfaces.3,14 On the other hand, when 
the incident beam is scattered on a rough surface, lower gloss values are observed.14 An 




apparent shade of a translucent material.3,9,14 Moreover, surface irregularities increase the 
ability to retain pigments15, resulting in color alterations over time.13,15  
 Filler particle-technology is considered as an influencing factor on optical 
properties and wear resistance of resin-composite restorations.7,16 By reducing filler-
particle size an improvement of surface smoothness and gloss is expected.17 Nano-filler 
materials are believed to offer excellent wear resistance, strength and ultimate aesthetics 
due to their increased filler volume-fraction and exceptional polishability, lustrous 
appearance and polish retention.18,19 Compared to hybrid resin-composites, they exhibit 
better optical properties.17-19 In this study, a series of model resin-composites with 
systematically varied filler sizes was examined. The aim was to investigate the effect of 
filler-size on surface roughness, surface gloss and color after toothbrush abrasion. The 
working hypothesis was that changes in roughness, gloss and color will be less prominent 
for resin-composites with smaller filler sizes compared to larger ones. The null 
hypotheses tested were that different filler-sizes had no effect on: (i) surface roughness 
(ii) gloss retention and (iii) color stability after toothbrush abrasion.  
 
MATERIALS AND METHODS 
 Four model resin-composites already formulated (Ivoclar/Vivadent, Schaan, 
Liechtenstein) and one commercial (Estelite Sigma, Tokuyama, Osaka, Japan), all with 
spherical shape fillers, were tested in this study (Table 1).  
Specimen Preparation 
 Six disc specimens (10 mm x 2 mm) were prepared from each product. The 




Demetrom, Danbury, USA) operated in standard mode and emitting 550 mW/cm2 
irradiance, as measured with the radiometer incorporated to the appliance. After 
polymerization, the specimens were mounted in 1-inch diameter phenolic rings (Buehler, 
Lake Bluff, USA) and embedded in self-curing polystyrene resin (Castoglas Resin, 
Buehler, Lake Bluff, USA) for polishing. 
Polishing Procedures 
 The embedded specimens were submitted to mechanical polishing in a 
grinding/polishing machine (Buehler, Lake Bluff, USA) with a sequence of 320-, 400, 
600-, 800- and 1200- grit SiC papers under continuous water cooling.  To obtain a glossy 
surface, the specimens were further polished in a similar polishing machine by using a 
sequence of felts with 3- μm, 1- μm and ¼- μm embedded diamond, alumina and silica 
grains under oil-based lubrication. Finally, the specimens were sonicated in an ultrasonic 
water bath (Elma ultrassonic T 310, Singen, Germany) for two min to remove any 
remaining debris. 
Storage  
 The specimens were stored in distilled water at 37 °C for 24 hours. Surface gloss, 
color and surface roughness measurements were taken initially (baseline) and repeated 
after toothbrush abrasion. 
Surface Gloss 
 The surface gloss was measured with a glossmeter (Novo Curve - Rhopoint, 
Bexhill-on-Sea, England) which was calibrated against a black glass standard provided 




measurements per specimen were performed at 60º light incidence and reflection angles 
relative to the vertical axis. The measuring window was 2 x 2 mm. 
Color Stability 
 The color of all specimens was determined with a colorimeter (Minolta CR 221, 
Japan) according to the CIE-L*a*b* system. The readings were taken for each specimen 
while positioned against a white-tile ceramic background. The colorimeter was set to 
make color measurements (L*, a* and b*) based on average daylight (D65) illumination. 
All measurements were repeated twice and means for the L*-, a*-, and b*- values were 
automatically calculated by the machine. The color changes, ΔE*, were calculated from 
the single color values L*, a* and b* according to the following formula: 
 ΔE* = [(L*1 - L*2)2 + (a*1 - a*2)2 + (b*1 - b*2)2]1/2
 where (L*1, a*1, b*1) were the values before toothbrush abrasion and (L*2, a*2, b*2) 
after toothbrush abrasion.  
Surface roughness 
 A contact stylus profilometer (Taylor Hobson Precision Instrument, Taylor 
Hobson Ltd, Leicester, England) was used to measure the surface roughness. The 
diamond stylus had a radius of 5 μm, tip angle of 90º and was traversed at a constant 
speed of 1.00 mm/s across the surface with a force of 6 mN. Six line scans were 
performed per specimen surface, three in horizontal and three in perpendicular directions. 
The cut-off length was 0.25 mm and the measuring length 2 mm. The following 
roughness parameters were measured: (i) an amplitude parameter Ra (the arithmetic mean 
of the absolute departures of the roughness profile from the mean line), (ii) an amplitude 




and (iii) a spacing parameter Rsm (the mean spacing between profile peaks at the mean 
line, measured within the sampling length). 
Toothbrush abrasion 
 A custom made, toothbrush simulating machine was used to abrade the samples’ 
surfaces. The toothbrush machine had four separate “stations” and four separate 
toothbrush holders which were driven by a motor. Hence four specimens were 
concurrently but individually subjected to an equal amount of toothbrush/dentifrice 
abrasion during each testing period. A toothbrush (Oral-B 40 Indicator, Regular, Oral-B 
Laboratories, London, UK) was fixed in the toothbrush holder so that all the bristles were 
in contact with the specimen. The testing machine was adjusted to apply 2.5 N vertical 
load on the specimen during horizontal movement of the toothbrush throughout the test. 
A current dentifrice (Colgate Total, Colgate-Palmolive, Manchester, UK) was used to 
form the slurry (2:1, water: toothpaste) according to ISO/TS 1469-1. Each “station” of the 
machine was filled with 12 g of slurry. All specimens were brushed with inverse strokes 
20,000 times, as measured with an incorporated meter. This corresponds to 
approximately 2 years of toothbrushing.10 The toothbrush and the slurry were replaced for 
each specimen. 
 After abrasion, specimens were removed from the machine, rinsed with tap water, 
cleaned in the ultrasonic bath with distilled water for 5 min, and gently air dried. All 
measurements were then repeated. 




 The SPSS software package (10.01, SPSS Inc., Chicago, Il, USA) was used for 
the statistical analysis. One-way analysis of variance (ANOVA) with Bonferroni post-hoc 
test (α=0.05) was used for the differences in color (ΔE*). 
 Two-way analysis of variance (ANOVA) with Bonferroni post-hoc test (α=0.05) 
was used for the surface roughness parameters (Ra, Rt and RSm) and gloss values (before 
and after toothbrush abrasion).  
 The correlation test was performed for the values before and after toothbrush 
abrasion in order to examine if there is any relationship between the size of filler particles 





 Gloss values ranged between 73.5 and 87.2 GU before abrasion and between 8.5 
and 64.6 GU after toothbrush abrasion (Table 2). For all materials a statistically 
significant reduction in gloss was observed after toothbrush abrasion. RZD 105 (1000 
nm) exhibited the worst gloss retention, nonetheless it was not significant different from 
RZD 107 (250 nm). The best gloss retention was shown by Estelite and it was 
significantly different from the other composites. 
 No significant correlation between filler size and gloss was observed. The 
correlation coefficients (r) were r = -0.54 (p=0.35) before and r = -0.67 (p=0.21) after 





 ΔE* values ranged between 0.38 and 0.88 (Table 2). RZD 107 showed 
significantly greater color changes than RZD 106. Although differences in color were 
displayed among the materials, there was no significant correlation between filler sizes 
and ΔE* values (r = - 0.19 / p = 0.77).  
Surface Roughness 
 All materials exhibited very smooth surfaces before toothbrush abrasion. Initial 
values ranged from 0.01-0.03 µm (Ra), 0.11-0.24 µm (Rt) and 62-102 µm (RSm). After 
abrasion values ranged from 0.15-0.30 µm (Ra), 1.23-2.28 µm (Rt) and 113-169 µm 
(RSm) (Tables 3-5).  
 Bonferroni post-hoc pairwise comparisons revealed significant mean differences 
in Ra, Rt and RSm values before and after toothbrush abrasion. These differences were 
more prominent for the larger filler size materials (250-1000 nm) compared to smaller 
filler size materials (100-200 nm) (Tables 3-5).  
Before toothbrush abrasion, there was no significant correlation between filler 
size and the roughness parameters Ra, Rt and RSm (r = -0.46 / p = 0.44; r = -0.35 / p = 
0.56; r = 0.01 / p = 0.99, respectively). However, after toothbrush abrasion a significant 
correlation was observed for both amplitude parameters Ra (r = 0.95 / p=0.01) and Rt (r = 
0.93 / p = 0.02) and filler size (Figures 1 and 2), but not for the spacing parameter RSm (r 
= 0.21 / p = 0.74). 
Gloss and Roughness 
 Possible correlations between Gloss and Ra were investigated. The ratios 
after/before abrasion were examined. A significant negative correlation between the gloss 





 Resin-composite surface quality is material- and polishing- procedure related. The 
polishing system has been shown to influence surface roughness, gloss retention and 
color stability as well as properties like hardness and microleakage.17, 20-22 Each 
manufacturer recommends a specific polishing system. In this study the same polishing 
procedure was applied to all the materials. Mechanical polishing was used to obtain an 
optimum surface texture for each product. Although this polishing system is not used 
clinically, it eliminates any variability due to polishing. Thus any differences in the 
properties examined can be linked to the variations in filler sizes.  
  Toothbrush abrasion increased all roughness parameters tested. No statistically 
significant difference was detected among the materials after toothbrush abrasion. 
However, strong correlation between filler size and Ra and Rt indicated a dependence of 
these roughness parameters on filler size. RSm was not affected by filler size. Thus, the 
first null hypothesis was accepted. The materials with the larger filler sizes [RZD 105 
(1000 nm), RZD 106 (500 nm) and RZD 107 (250 nm)] showed the biggest increase in 
Ra values after abrasion.  The same trend was observed for Rt. In resin-composites, 
abrasion commonly takes place through a gradual removal of the organic matrix. This 
eventually leaves the fillers unsupported and susceptible to exfoliation.23 As a result when 
larger filler are plucked out, a rougher surface is expected.  
 The materials with the smaller filler sizes were more resistant to toothbrush 
abrasion. This may be related to their inter-particle spacing 7, which increases as filler 
size increases. Jørgensen et al.24 proposed that decreasing the inter-particle spacing was 




protect the softer resin-matrix from abrasives and produce a larger contact area between 
fillers and the antagonist, thus reducing wear.25. 
 Gloss has been linked to surface roughness in previous studies.3,14,22 The angle of 
illumination affects the amount of reflected light.2 According to Silikas et al.2 60° light 
incidence is considered more reliable from a clinical perspective, since it is closer to the 
perception of tooth gloss by an observer. Higher gloss values indicate smooth and high-
lustre surfaces.1
 For all materials tested the surface became statistically less glossy after toothbrush 
abrasion but this was not statistically correlated to filler size. Thus the second null 
hypothesis was accepted. However, a trend was observed where an increase in filler size 
would lead to a reduction in gloss. The model composites revealed less gloss retention 
than the commercial one. The higher mean differences presented in gloss retention before 
and after abrasion was observed in RZD 105 (1000 nm) and RZD 107 (250 nm). It has 
been reported that differences in refractive indices between materials can affect the 
gloss.3,22 Since the model materials had the same formulation, it was expected to have 
similar refractive indices. Thus, differences in gloss retention can be attributed partly to 
the resulting surface texture after abrasion and partly to the filler sizes.  
 Although some studies have reported no correlation between the absolute values 
of surface roughness and gloss, 3,22 the results of the present study revealed a significant 
negative correlation between the gloss ratio and Ra ratio. This suggests that materials 
exhibited a greater increase in roughness had lower gloss retention. 
 Aesthetic matching of restorative materials with surrounding dental hard tissues is 




in the surface texture of the restoration can dramatically change the hue of the 
restoration.13 Toothbrush abrasion caused changes in surface texture of these resin-
composites that affected their roughness and gloss. However, it did not affect their color 
stability. It has been shown that ΔE* values above 1 are perceptible with the naked eye 
and ΔE* values equal or more than 3.3 are considered clinically unacceptable.26 All ΔE* 
values, in this study, were below the 3.3 threshold. Although some differences in color 
were displayed among the materials, they were not correlated to filler sizes. Therefore, 
the third null hypothesis was accepted.  
 Color stability is critical for the long-term clinical aesthetic performance of 
restorations. Discoloration of resin-composite materials may be caused by intrinsic and 
extrinsic factors. The intrinsic factors involve the discoloration of the material itself, such 
as the alteration of the organic matrix and/or at the interface between matrix and fillers. 
Extrinsic factors include staining by adsorption and absorption from exogenous sources.27 
Surface texture influences staining since rougher surfaces are less stain resistant.4 
Although stain resistance was not evaluated in this study, the differences found in 
roughness parameters after toothbrush abrasion can lead to increase in plaque and stain 
retention, thus affecting their long-term clinical performance.  
 The results of the present study showed significant modifications in surface 
texture amongst the materials tested after toothbrush abrasion. Distinct advantages of the 
100 and 200 nm fillers over the 250, 500 and 1000 nm fillers were shown regarding gloss 
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Table 1: Materials tested. All RZD materials were supplied by Ivoclar/Vivadent and 











RZD 105 BisGMA/UDMA/TEGDMA 1000 72.3 56.7 
RZD 106 BisGMA/UDMA/TEGDMA 500 72.5 56.7 
RZD 107 BisGMA/UDMA/TEGDMA 250 72.6 56.7 
Estelite Sigma BisGMA/TEGDMA 200 82.0 71.0 








Table 2: Gloss values (GU) before and after toothbrush abrasion. ΔE* values are also 
shown. In all cases standard deviations are in parentheses. Different letters indicate 
statistically significant difference (capital letters horizontally and small letters vertically). 
 
Resin-composites Gloss before (GU) Gloss after (GU) ΔE* 
RZD 102 (100 nm) 83.6 (2.5) Aa 42.6 (10.2) Bd 0.64 (0.4) ab 
Estelite (200 nm) 87.2 (1.5) Aa 64.6 (7.60) Bc 0.60 (0.4) ab 
RZD 107 (250 nm) 76.3 (2.3)  Ab 19.0 (3.10) Be 0.88 (0.2)  a 
RZD 106 (500 nm) 73.5 (6.6)  Ab 39.1 (3.80) Bd 0.38 (0.1)  b 






Table 3: Ra roughness values (µm) before and after toothbrush abrasion. Standard 
deviations in parentheses. Different letters indicate statistically significant difference 
(capital letters horizontally and small letters vertically). 
 
Resin-composites Ra Before (µm) Ra After (µm) 
RZD 102 (100 nm) 0.02 (0.00) Bab 0.15 (0.03) Aa 
Estelite    (200 nm) 0.03 (0.01) Ba 0.16 (0.03) Aa 
RZD 107 (250 nm) 0.01 (0.00) Bc 0.22 (0.05) Aa 
RZD 106 (500 nm) 0.01 (0.00) Bc 0.23 (0.06) Aa 









Table 4: Rt roughness values (µm) before and after toothbrush abrasion. Standard 
deviations in parentheses. Different letters indicate statistically significant difference 
(capital letters horizontally and small letters vertically). 
 
Resin-composites Rt Before (µm) Rt After (µm) 
RZD 102 (100 nm) 0.20 (0.06) Bab 1.23 (0.27) Aa 
Estelite    (200 nm) 0.24 (0.12) Ba 1.26 (0.21) Aa 
RZD 107 (250 nm) 0.11 (0.02) Bb 1.71 (0.47) Aa 
RZD 106 (500 nm) 0.16 (0.07) Bab 1.90 (0.76) Aa 







Table 5: RSm roughness values (µm) before and after toothbrush abrasion. Standard 
deviations in parentheses. Different letters indicate statistically significant difference 
(capital letters horizontally and small letters vertically). 
 
Resin-composites RSm Before (µm) RSm After (µm) 
RZD 102 (100 nm) 102.10 (21.96) Ba 169.1 (35.24) Aa 
Estelite (200 nm) 73.95  (13.37) Bab 127.2 (24.02) Aa 
RZD 107 (250 nm) 62.39  (9.96) Bb 138.9 (24.09) Aa 
RZD 106 (500 nm) 69.73  (7.14) Bb 113.5 (15.91) Aa 


































Figure 1: Correlation of Ra and filler sizes before and after toothbrush abrasion. 
 
 
Graph of Roughness Ra (μm) versus filler size (μm)




















































0.5 Before toothbrush abrasion
After toothbrush abrasion 
r = 0.951/p=0.013












Figure 2: Correlation of Rt and filler sizes before and after toothbrush abrasion. 
 
 
Graph of Roughness Rt (μm) versus filler size (μm)



















































































Baseado nos resultados dessa tese pôde-se concluir que: 
• Os métodos de fotoativação, soft-start e convencional, não interferiram na 
resistência à degradação química independente do material resinoso testado; 
• A resistência à degradação química foi dependente da solução utilizada e da 
formulação do material; 
• O ethanol foi a solução que produziu o maior efeito degradante e a Ormocer 
experimental de 2a geração foi o único material não susceptível à degradação 
quando imerso em água destilada; 
• A escovação mecânica produziu significantes modificações na superfície dos 
materiais testados como aumento da rugosidade e diminuição do brilho; 
• Materiais compostos por partículas de carga com tamanhos de 100 nm a 200 nm 
apresentaram menor rugosidade superficial comparadas aos tamanhos de 250 nm 
a 1000 nm; 
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